Quality determines the shelf life as well as selling price of fresh fruit or vegetable and therefore, quality monitoring and testing of fresh commodities have paramount importance in their postharvest handling and supply chain management. Most of the methods used to assess fruits and vegetables quality are destructive in nature. Nowa-days, various mechanical, optical, electromagnetic, and dynamic non-destructive methods are gaining importance due to ease in operations, faster turn over and reliability. Some of the non-destructive techniques (NDT) are currently being used in laboratories, research institutions and food packaging and processing industries, whereas, some methods are still at developmental stage. Various NDT with respect to their principle and applications such as impact test, electronic nose, time-resolved reflectance spectrometry, near infrared spectroscopy, nuclear magnetic resonance, X-Ray, ultra sonic, acoustic impulse response method, electrical conductivity methods etc., are discussed in this review.
INTRODUCTION
Quality is a term which exhibits the degree of excellence, a high standard or value. Quality of food may be defined as the composite of those characteristics that differentiate individual units of a product, and have significance in determining the degree of acceptability of that unit to the user. Quality of fruits and vegetables is based on its sensory properties, nutritional value, safety and defects. Fruits and vegetables with superior sensory and nutritional qualities have high economic value 1 . The quality is mostly based on the evaluation of various external and internal factors. Size, shape, colour, gloss, firmness, texture, taste and freedom from external defects such as visible blemishes, dullness, etc., are various external quality factors of importance. Fruit size is assessed by using various parameters such as diameter of the fruit, its volume and its weight 2 . Firmness is a qualitative concept and is the sensation of texture in mouth. Fruit firmness is the indirect parameter used to measure fruit maturity or ripeness which helps to establish optimum transportation condition and period [3] [4] . Texture is a sensory attribute which is measured directly by sensory means. Internal quality factors include maturity of fruits, sugar content, acidity, fat content, pigments, colour, dry matter, pectic substances and free from internal defects such as internal bruises, pits, cavities etc. Colour, acidity and dry matter are various variables used to measure maturity of fruits.
Secondary processing of fruits and vegetables are carried out to increase the shelf life, which results in various characteristic changes such as physical changes as well as aerodynamic, thermal and hygroscopic properties [5] [6] [7] . Freeze storage of fruits results in the formation of ice crystals. The ice crystals formed affects the texture of fruits negatively and decreases its sensory acceptability. Internal quality evaluation of fruits and vegetables highly affects post-harvest period 4 . The colour and firmness of fruits affect the product appearance and consumer acceptability. Hence, they are important quality factors to growers and processors [8] [9] . Subjective and visual inspection helps to study the maturity, ripeness and quality of fruits and vegetables. This in turn helps to decide the harvesting time 10 . Quality evaluation methods can be classified as on-line and off-line state 11 . Majority of the methods used to assess fruit quality are destructive, time consuming, labour intensive, cost intensive and biased. Destructive methods of quality evaluation are not suitable in industries such as packaging industry as it ruptures the fruit tissue and evaluation of whole lot cannot be done.
Non-destructive methods are effective than traditional conventional methods as non-destructive methods are mainly based on physical properties which correlate well with certain quality factors of fruits and vegetables 4 . Mechanisation and automation in food industries is increased as machines are more consistent than humans, reduces the labour cost and is non-destructive. Acoustic, mechanical and optical nondestructive methods are adopted in fruit packaging industries to determine fruit quality 12 . Non-destructive methods are advantageous over traditional destructive methods as they do not rupture the fruit tissue, can be used to assess internal variables of fruits. It is useful in sorting superior quality fruits from substandard fruits based on their size and shape in online system and sampling of all fruits or vegetables is carried out which ensures maximum quality. Studying both physical and chemical parameters using single NDT is difficult and depends on variables such as chemical composition, parameters to be assessed and their physical structure. Hence, various methods are used for external and internal quality evaluation. The quality parameters are assessed directly in cases such as in detection of internal defects, or indirectly by correlating the results obtained on assessing other chemical or physical characteristics, for example, measurement of maturity is based on colour or firmness (Tables 1 and 2) .
Various non-destructive methods used in the quality evaluation can be classified as: (a) Mechanical methods (b) Optical methods (c) Electromagnetic methods, and (d) Dynamic methods was first used by Schomer and Olsen 15 . The mechanical thumb developed had a contact head which replaced the standard plunger on the Magness-Taylor tester, and penetration was limited to 1.27 mm. Mechanical thumb helps to compare the colour of fruits by means of difference in fruit firmness. Mizrach 16 , et al. has successfully distinguished red tomatoes from green tomatoes by using this method. Mizrach 17 , et al. used a small 3 mm diameter flat-head pin onto the peel of oranges and tomatoes to estimate firmness of oranges and tomatoes by measuring the force and deformation of the peel (Fig. 1) . 
MECHANICAL METHODS
Mechanical methods include low mass impact test, microphone test and electronic nose methods. It is useful in the assessment of fruit texture by measuring stiffness and elastic properties which are related to turgor pressure and water loss, than to mechanical strength of cell wall and middle lamella 11, 13 .
Mechanical Thumb Method
It depends on the response of fruits to force. Principle of this method is similar to that of destructive Magness-Taylor tester method where fruit firmness is calculated in a destructive manner by introducing a cylindrical head into the flesh of a peeled fruit to measure the maximum penetration force 2, 14 . It 
Gas Sensor Arrays: Electronic Nose
Electronic nose consists of chemical and electronic sensors which try to stimulate the functioning of olfactory system. An electronic nose consists of a sensor, data processing unit, software with digital pattern-recognising algorithms and reference library [18] [19] [20] [21] (Fig. 2) . Organic polymers, metal oxides, quartz crystal microbalance and gas chromatography (GC) are the various sensors used. Sometimes, GC is combined with mass spectroscopy (MS). The sensors interact with volatile compounds/odours non-selectively to produce chemical or physical changes which produces signal and the signals produced are read by the computer 22 . The response given by the sensors to each sample is called as 'electronic finger print' of a compound or mixture 23 . The sensors recognise the odour depending on the response pattern of a compound to sensors with reference to the known standard finger print 11 . Computed results are interpreted by multivariate statistics such as linear discriminant analysis (LDA), discriminant function analysis (DFA), hierarchical cluster analysis (HCA), soft independent modelling of class analogy (SIMCA) and partial least squares (PLS). Artificial neural networks (ANN) are used for liner responses 22 . It is useful in determining fruit firmness, freshness and quality evaluation during shelf-life studies.
OpTICAL METHODS
Optical properties of fruit are based on reflectance, transmittance, absorbance, fluorescence or scattering of light. Soluble solid content (SSC), acids, starches and overall maturity of fruits can be analysed by using spectral-optical methods non-destructively. This method includes image analysis (analysis of size, shape, colour and external defects); visible/near infrared spectroscopy (VIR); laser spectroscopy; reflectance, transmittance and absorption spectroscopy. preparation [10] [11] . Estimation of soluble solid content (SSC) by using NIR is satisfactory and consistent, whereas, the results for firmness and acidity were found to be more variable 27 .
Time-resolved Reflectance Spectrometry
This method is mostly suitable for optical characterisation of highly diffusive media 28 . It involves the penetration of light in to a diffusive medium which depends on the optical properties of the medium and on the source-detector distance. In case of fruits and vegetables, the depth of the probe volume is of the same order as the source detector distance, i.e. approximately 1-2 cm 29 . It gives useful information on internal quality of fruits as it measures the bulk properties, not the superficial characteristics alone. The absorption is determined 
Visible / Near Infrared Spectroscopy
Near Infrared Spectroscopy (NIR) covers the range of 780-2500 nm in the electromagnetic spectrum. It is more suitable to practical application and helpful in sorting and grading of fruits. This method helps to evaluate fruit maturity by measuring the skin colour of fruits such as banana, apple, tomato and mango (Fig. 3) . Skin colour of fruits depends on the quantity of chlorophyll present in the skin. The changes in pigments present in fruits help to determine the maturity. Chlorophyll content decreases with the fruit ripening 24 . NIR method has been successfully used in fruit firmness measurement and detection of visible blemishes [25] [26] . Soluble solid content, dry matter, hygroscopicity, firmness, sugar content, acidity etc., are measured using this method and it does not require sample
Nuclear Magnetic Resonance Techniques
The nuclear magnetic resonance technique involves NMR spectroscopy, NMR relaxometry and magnetic resonance imaging (MRI). Principle involves the absorption of magnetic energy by the nuclei placed in an alternating magnetic field. The amount of energy absorbed by the nuclei is directly proportional to the number of protons present in a particular sample 30 . Water and oil content in a sample can be determined by using this technique [31] [32] [33] [34] [35] . MRI can provide high resolution images of internal structures of intact fruit but the speed of measurement is low [36] [37] [38] . Presence of other food constituents in the material affects the determination of water and oil 39 . The spatially located NMR signals are reduced by the ice crystals formed in food, and thus, helpful in the determination of freeze damage caused during freeze storage of fruits and vegetables. This method is also useful in the detection of pits in fruits and vegetables. This is advantageous over other methods as it is simple and spectra can be interpreted easily 40 . Hernandez-Sanchez 41 , et al. has used MRI to differentiate healthy and freeze damaged oranges. Undamaged oranges produced high and homogeneous signal intensity. Whereas, freeze injured oranges exhibited low intensity-signals. Freeze damage was confirmed by visual inspection.
5.
DyNAMIC METHODS 5.1 X-ray X-ray falls between gamma rays and ultraviolet rays. It covers the wavelength range of 0.01-10 nm. Maturity and various internal defects in fruits can be analysed by using this technique. Physiological defects in the tissues viz. freeze damage or internal browning or presence of pits, presence of foreign particles, infested fruits, etc. exhibit changes in density and water content. Thus, substandard fruits can be easily distinguished from healthy fruits. X-ray radiography and x-ray computed tomography (CT scanning) are widely used methods. X-ray radiography produces 2-dimensional (2D) images whereas x-ray computed tomography produces 3-dimensional images (3D) 42 . Yang 43 , et al. has examined the internal injuries caused by insects such as Bactrocera dorsalis at various time intervals using X-ray imaging. Apple, pear, peach, cherry tomato and orange were the fruits selected for the study. The tunnels formed by the insects were detected successfully. by constituents such as water, sugars or by pigments like chlorophyll and anthocyanins. This method is suitable for grading, maturity determination, and detecting internal defects and in predicting shelf-life. Maturity of fruits can be measured even if the fruit is covered by intense blush and it is an advantage of this method 23 .
ELECTROMAGNETIC METHODS
Electromagnetic spectrum consists of radio wave, microwave, ultraviolet rays, visible light, infrared rays, X-rays and gamma rays 23 .
Ultrasonic
Ultrasonic waves correlate with the fruit firmness and are used to monitor fruit maturity. Surface wave transmission techniques are the most successful method of analysing fruits and vegetables using ultrasound. The principle involves the energy transmission into fruits and evaluation of response energy 3 . Morrison & Abeyratne 44 have studied the density, moisture content and firmness of ultrasonic waves of oranges successfully.
Acoustic Impulse Response Method
Acoustic impulse response method is used to analyse the texture of fruits [45] [46] . The acoustic impulse resonance frequency (AIF) technique uses the natural frequencies of the intact fruit obtained by recording the sound, which is produced by hitting the fruit and then performing a Fourier transformation on the signal. For spherical fruit a stiffness factor can be calculated using the frequency and mass of the fruit. This method involves measurement of resonance frequency produced by fruits and resonance frequency of fruits change with ripening. The impact response produced by the fruit on applying force is calculated and is used to assess the internal quality and maturity of fruits 4 . The results are sensitive and depend on various features such as the shape of the fruit, impact angle, variations in fruit location. The results have been found to be mostly affected by water content of the fruit 23 . This technique provides useful information on fruit quality in shelf life studies but is not satisfactory for measuring the texture of fruit on tree [47] [48] .
CONCLUSIONS
Non-destructive methods/techniques (NDT) measure the physical properties of fruits and vegetables; and correlate with the desired quality factors (dry matter, sugar content, water content, fat content, pigment concentration, etc.) by using various data analysis methods. Non-destructive methods facilitate the grading of fruits and vegetables based on their size, shape, maturity or ripeness. It is useful in the detection of external (deformation, discolouration) as well as internal defects (internal browning, internal bruises, freeze damage, presence of insects in the core, etc.). It is useful in the evaluation of both unprocessed and processed fruits and vegetables. Nondestructive methods can be used in fields to measure the fruit maturity on trees; in laboratories for sampling purpose and also in industries such as fruit processing, packaging and ware houses for continuous quality monitoring by adopting online systems. It is rapid, precise, reduces the processing time, reduces cost, save energy, improve the shelf life and quality. Hence, it is advantageous over destructive methods.
Imaging techniques such as MRI and X-ray are useful in the inspection of internal quality but do not provide details about the composition. NIR helps in assessing composition but do not provide image of internal physical parameters, whereas, spectrophotometric methods are helpful in measuring the fruit maturity or ripening stage. The maturity or ripeness is evaluated depending on the concentration of particular pigment (chlorophyll, anthocyanins, carotenoids etc.) present in the sample. Non-destructive methods are not suitable to measure all the chemical and physical quality parameters. High cost of equipments used and usage of different instruments to analyse different parameters are the major disadvantages of nondestructive methods. 
Electrical Conductivity Measurement
This method includes electrical impedance spectroscopy (EIS) and dielectric analysis (DEA). The physical state of a material is measured as a function of frequency in EIS and the frequency ranges from 100 Hz -10 MHz. It is simple and easier technique used to estimate the physiological status of various biological tissues [49] [50] [51] [52] . Experimental frequency response of impedance is characterised by electrical equivalent circuits of materials. The physical properties of materials can be quantified by monitoring the changes in parameters at the equivalent circuit, among various equivalent models proposed [53] [54] . DEA measurement is used in high frequency areas, generally 100 MHz -10 GHz. DEA is used in moisture estimation and bulk density determination [55] [56] [57] [58] [59] [60] .
